Summary Exposure to chronic stress has been argued to produce maladaptive anxiety-like behavioral states, and many of the brain regions associated with stressor responding also mediate anxiety-like behavior. Pituitary adenylate cyclase activating polypeptide (PACAP) and its specific G protein-coupled PAC 1 receptor have been associated with many of these stress-and anxietyassociated brain regions, and signaling via this peptidergic system may facilitate the neuroplasticity associated with pathological affective states. Here we investigated whether chronic stress increased transcript expression for PACAP, PAC 1 receptor, brain-derived neurotrophic factor (BDNF), and tyrosine receptor kinase B (TrkB) in several nuclei. In rats exposed to a 7 days chronic variate stress paradigm, chronic stress enhanced baseline startle responding induced by handling and exposure to bright lights. Following chronic stress, quantitative transcript assessments of brain regions demonstrated dramatic increases in PACAP and PAC 1 receptor, BDNF, and TrkB receptor mRNA expression selectively in the dorsal aspect of the anterolateral bed nucleus of the stria terminalis (dBNST). Related vasoactive intestinal peptide (VIP) and VPAC receptor, and other stress peptide transcript levels were not altered compared to controls. Moreover, acute PACAP38 infusion into the dBNST resulted in a robust dose-dependent anxiogenic response on baseline startle responding that persisted for 7 days. PACAP/PAC 1 receptor signaling has established trophic functions and its coordinate effects with chronic stress-induced dBNST BDNF and TrkB transcript expression may underlie the maladaptive BNST remodeling and plasticity associated with anxiety-like behavior. #
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Introduction
Stressors activate several physiological and behavioral systems to promote homeostasis. Many central nervous system (CNS) nuclei that mediate the response to stressors also mediate anxiety-like behavioral responding, and when stressor exposure is chronic, the sustained activation of these nuclei has been argued to lead to the maladaptive morphological and functional changes that underlie pathological affective states (Schulkin et al., 1998; Vyas et al., 2003; Pego et al., 2008) . Hence, chronic stress may produce anxiety disorders by promoting neuronal plasticity within these stress-responsive nuclei.
Activation of the bed nucleus of the stria terminalis (BNST) has been argued to mediate both stress-responding and anxiety-like behavioral responding to diffuse and/or unpredictable threat (Walker et al., 2003) . Stimulation of the BNST produces many physiological responses that are elicited by anxiogenic stimuli (Casada and Dafny, 1991) , anxiogenic pharmacological agents increase BNST neuronal activation (Singewald et al., 2003) , and BNST inactivation blocks many anxiogenic behaviors (for review, see Walker et al., 2003) . Hence, alterations within the BNST have been argued to underlie anxiety disorders in humans (Walker et al., 2003; Straube et al., 2007) . Consistent with this interpretation, chronic exposure to stressors or stress hormone increases anxiety-like behavior and enhances BNST dendritic branching, length and total BNST volume (Stout et al., 2000; Vyas et al., 2003; Pego et al., 2008) . Given that stressor exposure is a critical component in the etiology of many anxiety disorders, and that the BNST is a point of confluence between stress and emotion, these data suggest that stress-induced alterations in neuronal function and plasticity in the BNST may underlie some forms of chronic anxiety in humans. Despite provocative evidence, the mechanisms of BNST signaling/plasticity in stress-induced anxiety have not been elucidated.
Pituitary adenylate cyclase activating polypeptides (PACAP) have neurotransmitter and neurotrophic properties, and are also associated with the stress response (Arimura, 1998; Sherwood et al., 2000; Vaudry et al., 2000) . In the CNS, higher levels of PACAP and PAC 1 receptor mRNA and immunoreactivity are expressed in stress-associated brain regions, including the hypothalamus, hippocampus, discrete regions of the amygdala, and the BNST (Hashimoto et al., 1996; Jaworski and Proctor, 2000; Hannibal, 2002) . PACAP signaling may modulate corticotropin-releasing hormone (CRH) because PACAP-immunoreactive fibers innervate CRH neurons in the hypothalamic paraventricular nucleus (PVN) and BNST (Kozicz et al., 1997; Legradi et al., 1998) . PACAP infusion into cerebral ventricles or PVN augments plasma corticosterone levels, activates PVN neurons, and increases PVN CRH expression (Agarwal et al., 2005; Norrholm et al., 2005) . However, the role of PACAP in behavioral stress responding is unclear and has so far only been inferred from peptide or receptor knockout studies (Hashimoto et al., 2001; Otto et al., 2001b; Girard et al., 2006) . Moreover, only certain stressors regulate PVN PACAP expression (Hannibal et al., 1995) .
Here, we demonstrate that chronic stress selectively induces PACAP and PAC 1 receptor transcript expression in the BNST, increases BNST brain-derived neurotrophic factor (BDNF) and TrkB receptor expression, and enhances anxietylike behavior. Furthermore, PACAP infused into the BNST produces a long-lasting anxiogenic behavioral response.
Methods

Animals
Adult male Sprague-Dawley rats were obtained from Charles River Laboratories (Wilmington, MA), and were allowed to habituate in their home cages for at least 1 week before experimentation. Rats were single-housed, maintained on a 12 h light/dark cycle (lights on at 07:00 h), and food and water were available ad libitum. All procedures were approved by the Institutional Animal Care and Use Committee at the University of Vermont.
Chronic variate stress
Stressed rats were exposed to a 7 days chronic variate stress paradigm. Rats were randomly assigned to control or chronically stressed groups, and for the latter, a single stressor was presented on each day (Table 1) .
Oscillation stress
Rats were placed inside a plastic chamber 28 cm Â 17 cm Â 13 cm (L Â W Â H), that was secured to a clinical rotator (Fisher Scientific, Morris Plains, NJ), and oscillated at low to medium speed for 30 min.
Forced swim
Rats were placed in a cylindrical container 29 cm Â 37 cm (D Â H) that was filled with room temperature water to a depth that prevented the rat tail from touching the bottom. After 5 min of monitored swimming, rats were placed in a holding chamber for 30 min prior to being returned to their home cage.
Footshock
Rats were placed inside a Plexiglas conditioning chamber (Med Associates, St. Albans, VT) 30 cm Â 25 cm Â 35 cm (L Â W Â H). After a 5 min acclimation period, two 1.0 mA 5 s scrambled footshocks were delivered through the grid floor with a 1 min inter-trial interval.
Restraint
Rats were placed in a cylindrical restraining device 9 cm Â 15 cm (D Â H) for 60 min. 
Surgical procedure
For intra-BNST injections, rats were anesthetized with isoflurane vapor (1.5-3.5%), and secured in a stereotaxic apparatus (David Kopf Instruments, Tujunga, CA) with ''blunt'' earbars. After a midline head incision, the skull was exposed and cleaned, and four screws were inserted to provide skullcap stability. Two stainless steel cannulae (26 gauge, PlasticsOne, Roanoke, VA) were lowered at a 208 angle toward the midline to a point just above the anterolateral BNST, using the following coordinates from Bregma in mm, AP = À0.3, ML = +3.8, and DV = À5.3 from the surface of the dura. Once in place, a dental cement skullcap was formed to support the cannula. Once awake, rats were returned to their home cages for 7 days post-surgery recovery, during which all rats were observed and weighed daily.
Startle apparatus
Each acoustic startle stabilimeter chamber consisted of an 8 cm Â 15 cm Â 15 cm acrylic and wire-mesh cage with four 6.0 mm diameter stainless steel floor bars spaced 18 mm apart. The cage was suspended between compression springs within an acrylic frame and located within a 90 cm Â 70 cm Â 70 cm ventilated sound-attenuating cubicle. Chamber movement resulted in displacement of an accelerometer (Model U321AO2; PCB Piezotronics, Depew, NY), which was fixed to the bottom of the cage; the resulting voltage was proportional to the velocity of displacement. The analog output of the accelerometer was amplified (PCB Piezotronics, Model 483B21) and digitized on a scale of 0-10 V by an InstruNET analog to digital converter (GW Instruments, Model 100B; Somerville, MA) interfaced to a Macintosh G3 computer. Startle amplitude was defined as the maximal peak-to-trough voltage during the first 200 ms after the stimulus onset. Startle responses were evoked by 50 ms white-noise bursts (5 ms rise-decay) generated by a Macintosh G3 computer sound file (0-22 kHz), amplified by a Radio Shack Amplifier (100 W; Model MPA-200; Tandy, Fort Worth, TX), and delivered through a high frequency speaker (Radio Shack Supertweeter; Tandy, Fort Worth, TX) located 5 cm from the back of each cage.
Quantitative PCR (QPCR) measures of transcript levels
After euthanasia, the brain was quickly sectioned using a rodent brain matrix (Ted Pella Inc.; Redding, CA), and brain regions were dissected with a brain punch set (Stoelting; Wood Dale, IL), and frozen on dry ice. The tissues were homogenized in Stat-60 total RNA/mRNA isolation reagent (Tel-Test ''B'', Friendswood, TX) as described previously (Braas and May, 1999; Girard et al., 2002 Girard et al., , 2006 Braas et al., 2007) . The RNA (2 mg) was used to synthesize first strand cDNA using SuperScript II reverse transcriptase and random hexamer primers with the SuperScript II Preamplification System (Invitrogen, Carlsbad, CA) in a 20 ml final reaction volume. The same tissue regions from all rats were reverse transcribed simultaneously to obviate variability. Following the reverse transcriptase reaction, the cDNA samples were treated with RNase H to remove residual RNA. Realtime quantitative PCR methods and oligonucleotide primers were exactly as described previously (Girard et al., 2002 (Girard et al., , 2006 Braas et al., 2007) . The melting profiles for amplified DNA fragments were performed to verify unique product amplification in the quantitative PCR assays. For each target sequence, all samples from the same brain region were amplified together in the same assay to minimize variability. All data were normalized to 18S RNA levels; all assays were repeated 2-3 times to verify data reproducibility.
Experiment 1
We did not initially observe changes in baseline startle following chronic stress; hence, we reasoned that BNSTmediated anxiogenic behavioral changes might not be constitutively expressed but may need to be evoked by an anxiety-producing manipulation. Bright lights and handling increase startle amplitude, and these effects are dependent on BNST activity Davis, 1997, 2002) ; therefore, we determined whether chronic variate stress is anxiogenic using the light-enhanced startle paradigm. In this paradigm, we were mindful that handling-induced elevations have also been reported, and shown to be mediated by BNST activity (Walker and Davis, 1997) .
Rats received stress or no stress as described above. On the 8th and 9th days, rats were tested using the lightenhanced startle procedure. In phase 1, all rats were tested for startle in the dark. Rats were removed from the startle chambers and placed in a holding cage for 5 min. Rats were then returned to the startle chambers for the phase 2 startle test. In phase 2, half of the rats were exposed to a bright light (8 W fluorescent bulb, Dark-Light) located behind each chamber. The other half remained in the dark (Dark-Dark). Phase 1 and 2 tests were repeated the next day so that all rats were tested in both the dark and light conditions. Data from two control rats were identified as outliers (>2 SD from the mean) in the light-enhanced startle tests, and were excluded from the analysis.
Experiment 2
This experiment determined whether chronic variate stress increases PACAP, PAC 1 receptors, BDNF, and/or TrkB receptor mRNA expression in brain regions associated with stress responding. In addition, rats were tested for changes in baseline startle amplitude induced by the chronic variate stress procedure. Rats were administered a baseline startle test in which they were placed in the startle chambers and allowed a 5 min acclimation to the chambers with a 60 dB background noise. The response to 30 noise bursts (described above) that varied in intensity (95, 100, or 105 dB) with a 30 s inter-trial interval was then determined. After baseline startle testing, rats were returned to their home cages. For the next 7 days, stressed rats were treated with the chronic variate stress paradigm described above. On the 8th day, rats were returned to the startle chambers and tested as described above. Two hours after the startle test, rats were rapidly decapitated, and stress-related brain regions were processed for quantitative PCR.
Experiment 3
Experiment 3 was designed to determine whether intra-BNST PACAP injection is anxiogenic. Rats were implanted with BNST cannulae as described above. After 1 week, rats were administered 2 baseline startle tests on consecutive days as described in Experiment 1. Based on these baseline tests, rats were ''matched'' to experimental groups so that baseline startle amplitude did not differ between groups. Twenty-four hours after the second test, rats received a third identical baseline test. Immediately after this third test, rats were removed from the startle chambers, loosely restrained and infused bilaterally into the BNST with one of four doses of PACAP38 (0, 0.1, 0.5, 1 mg) in saline vehicle (0.5 ml per side). Infusion cannulae were left in place for 60 s before removal. After infusion, rats were returned to the startle chambers, and following a 5 min acclimation period, rats were administered a 2nd startle test that consisted of 81 startle stimuli, which were identical to those described in the baseline tests. After the second test, rats were returned to their home cages.
Experiment 4
Experiment 3 determined that intra-BNST PACAP38 injection was anxiogenic. If BNST PACAP38 infusion enhanced BNST plasticity and function, then the anxiogenic effects might be expected to persist long after the initial infusion. Hence, rats were implanted with BNST cannulae and administered baseline startle testing as described above. After the third baseline test, rats received infusions of 1 mg PACAP38 in saline vehicle (0.5 ml per side) into the BNSTand were subsequently tested for changes in baseline startle before being returned to their home cages as described in Experiment 3. One week after BNST PACAP38 infusion, rats were returned to the startle chambers and again administered the long version of the startle test (81 noise bursts).
Cannula verification
To verify cannula placements, rats were anesthetized and perfused transcardially with saline followed by 10% formalin. Brains were then removed, fixed in a 30% sucrose solution and sectioned on a cryostat for staining with cresyl violet. Cannula verifications were conducted under a light microscope.
Results
Experiment 1: chronic variate stress is anxiogenic
Exposure to chronic stress has been shown to increase BNST neuroplasticity and facilitate anxiety-like behavior (Stout et al., 2000; Vyas et al., 2003; Pego et al., 2008) . To validate stress-induced anxiety in our chronic variate stress experiments, rats received stress or no stress as described above, and were tested using the light-enhanced startle paradigm Davis, 1997, 2002) .
As shown in Fig. 1 , overall, startle was enhanced in the presence of the light (F(1,28) = 6.85, p = 0.014). However, rats with prior chronic stress exposure (n = 16) showed enhanced startle responding compared to control rats (n = 14) in both the Dark-Dark (t(28) = 2.71, p = 0.011) and Dark-Light tests (t(28) = 2.49, p = 0.018). This likely reflects an exaggerated effect of incidental between-test handling which, like light-enhanced startle, reflects unconditioned BNST-mediated anxiety (Walker and Davis, 1997) . As in the previous experiment, we did not find an effect of stress treatment on baseline startle activity (average phase 1 startle amplitude; M control = 2.26, M stress = 2.07 (t(28) = 0.424, p = 0.675). Among rats exposed to chronic stress, light did not appear to further increase anxiety-like behavior under these testing conditions (stress group DarkDark versus Dark-Light (t(15) = 1.74, p = 0.102). Hence, in agreement with previous work (Walker and Davis, 1997) , chronic stress elevated baseline startle amplitude both due to handling, as well as exposure to bright lights. Figure 1 Chronic variate stress is anxiogenic. The startle responses of chronically stressed and control rats were measured in a dark environment (phase 1). Half of the stressed and control animals were retested in the dark (Dark-Dark), while half were tested in bright light (Dark-Light). Stressed rats exhibited startle enhancement from phase 1 to 2 regardless of whether phase 2 testing was in the dark or in the light, indicative of a stress-induced enhancement of the anxiogenic effects of handling on baseline startle amplitude, which has been shown to be mediated by the BNST. *Two-tailed t-test p < 0.05, ** one-tailed t-test p < 0.05.
3.2. Experiment 2: chronic variate stress increases BNST PACAP, PAC 1 receptor, BDNF, and TrkB receptor transcript expression
Among the 12 brain regions examined (see Fig. 2 ), chronic variate stress increased PACAP transcript levels approximately 10-fold ( p = 0.003) only in the dorsolateral BNST (dorsal aspect of anterolateral BNST) (dBNST, Fig. 3) . A smaller but significant 1.3-fold ( p = 0.033) increase in PACAP mRNA was also apparent in the PVN of the hypothalamus; PACAP levels in the remaining stress-related brain regions were not different from nonstressed control tissues. To assess whether the changes were associated with increased receptor mRNA levels, the same cDNA templates were also assayed for PAC 1 receptor expression. The stress-induced increase in dBNST PACAP expression was associated with a 2-fold ( p = 0.001) increase in dBNST PAC 1 receptor mRNA expression (Fig. 3) . The increase in dBNST PACAP/PAC 1 receptor was unique as VIP, VPAC1 and VPAC2 receptor transcript levels in the same samples were not changed (data not shown); similarly, dBNST transcripts for CRH and NPY were also not different between stressed and control samples (data not shown). Chronic stress facilitates BNST neuronal remodeling and functional plasticity, which have been suggested to contribute to chronic anxiety-like behavioral states (Stout et al., 2000; Vyas et al., 2003; Pego et al., 2008) . The mechanisms underlying this plasticity may be related to either PACAP function, which can stimulate fiber outgrowths, or to BDNF and TrkB neurotrophic signaling. Hence, we also analyzed for BDNF and TrkB transcript levels in this brain tissue. As shown in Fig. 3 , chronic variate stress increased BDNF and TrkB mRNA levels 3-fold ( p = 0.012) and 2-fold ( p = 0.015), respectively, in the dBNST when compared with non-stress control tissues. BDNF transcripts in a few select CNS regions were also significantly increased, including the dorsal raphe nucleus (3-fold; p = 0.04) and the PVN (1.4-fold; p = 0.009). TrkB transcripts in the dorsal raphe nucleus and PVN were not significantly elevated. Hence, the mechanisms underlying stress-induced BNST cytoarchitectural and functional plasticity may include PACAP and/or BDNF/TrkB signaling.
We did not find an effect of stress treatment on baseline startle activity in the absence of excessive handling or exposure to bright light (M control = 3.61, M stress = 3.76 (t(10) = 0.106, p = 0.917).
Experiment 3: PACAP infusion into the BNST promotes anxiogenic behavior
High levels of PAC 1 receptor expression have been observed in the BNST (Hashimoto et al., 1996; Hannibal, 2002) . As chronic variate stress increased dramatically and selectively PACAP transcript expression in the dorsal aspect of the anterolateral BNST, PACAP signaling in BNST neurons may impact anxiety-like behavior. Hence, the anterior BNST of adult male rats were cannulated bilaterally and one of four doses of PACAP was infused into the BNST immediately prior to startle testing as described above. BNST injection sites are depicted in Fig. 4 . PACAP38 dose-dependently increased baseline startle amplitude (Fig. 5) , suggesting that the effect of BNST PACAP on anxiety-like behavior is receptor-mediated. Repeated Measures Analysis of Variance revealed an effect of PACAP dose (F(3,184) = 2.992, p = 0.05), no effect over trial blocks (F(8,184) = 1.117, p = 0.3539), and a reliable interaction between PACAP treatment and trial blocks (F(24,184) = 1.884, p = 0.0106). Bonferroni posttests revealed that 1 mg PACAP38 reliably increased baseline startle amplitude.
Experiment 4: the anxiogenic effects of BNST PACAP infusion persist for 7 days
Experiment 3 determined that intra-BNST PACAP38 injection was anxiogenic. If BNST PACAP38 infusion enhanced BNST plasticity and function, then the anxiogenic effects might be expected to persist long after the initial infusion. Using procedures similar to those described for Experiment 3, 1 mg PACAP was infused into the BNST, and startle behavior was measured immediately after infusion and 1 week after infusion. BNST injection sites for Experiment 4 are depicted in Fig. 6 . As shown in Fig. 7A , PACAP38 significantly increased baseline startle amplitude immediately after infusion, replicating the results from Experiment 3. Repeated Measures Analysis of Variance revealed a reliable effect of PACAP treatment (F(1,88) = 4.9, p = 0.0485). Interestingly, there was also an effect over trial blocks (F(8,88) = 2.125, p = 0.0415), and an interaction between PACAP treatment and trial blocks (F(8,88) = 3.135, p = 0.0036). Hence, unlike the results from Experiment 3, the anxiogenic effect observed immediately after PACAP injection increased over time. Compared to preinjection baseline, BNST PACAP-injected rats continued to exhibit an elevation in baseline startle amplitude 1 week after PACAP38 injection (F(8,88) = 10.11, p = 0.0088). Once increased BNST neuroplasticity has been established there should not be any effect observed across trial blocks. Consistent with this, 7 days after injection, there was no effect over trial blocks (F(8,88) = 0.98, p = 0.4554) and no interaction between PACAP treatment and trial blocks (F(8,88) = 1.4, p = 0.2085). These data suggest that PACAP-induced BNST neuroplasticity that produced a long-term elevation in anxiety-like behavior (Fig. 7B ).
Discussion
Chronic stress selectively augmented PACAP expression 10-fold in the dorsal aspect of the anterolateral BNST when compared with non-stressed rats. PACAP transcript was also reliably elevated in the PVN, but did not differ from nonstressed rats in other stress-associated brain regions including the basolateral amygdala, central amygdala, locus coeruleus, hippocampus, or ventral aspect of the BNST. Chronic stress also produced an anxiogenic profile on baseline responding in the light-enhanced startle test (see description below), and intra-BNST infusion of PACAP was anxiogenic in a dose-dependent manner that persisted for at least 7 days following PACAP infusion. These data suggest that chronic stress may selectively alter BNST function via a PACAPdependent mechanism to produce enhanced anxiety; hence, the BNST PACAP system may represent an important therapeutic target for the treatment of anxiety disorders.
As mentioned above, the behavioral and catabolic responses to stressful stimuli are all coordinated by CNS nuclei such as the BNST, and the sustained activation of these regions has been argued to lead to maladaptive changes underlying pathological states (Schulkin et al., 1998; Vyas et al., 2003; Pego et al., 2008) . Hence, chronic stress may facilitate fear and anxiety disorders by promoting neuronal plasticity and/or remodeling within the BNST. Chronic stress has been shown to increase dendritic arborization in the BNST (Vyas et al., 2003; Pego et al., 2008) ; however, the mechanisms underlying this plasticity are still not well understood, but may include PACAP signaling. PACAP has well established trophic fiber outgrowth functions during development and in culture paradigms (Wolf and Krieglstein, 1995; Gonzalez et al., 1997; Lu and DiCicco-Bloom, 1997; Lioudyno et al., 1998; Nielsen et al., 2004; Falluel-Morel et al., 2005; Braas et al., 2007) , and PAC 1 receptor-mediated activation of MAPK signaling pathways in the BNST may mediate the observed dendritic remodeling. Alternatively, PACAP has been shown to stimulate both BDNF and TrkB expression in central and Figure 3 Chronic variate stress increases PACAP, PAC 1 receptor and neurotrophin-related transcripts in the BNST. Adult male rats were exposed to chronic variate stress for 7 days as described in the text and the indicated brain regions were harvested for quantitative PCR analyses. All tissue samples from each region were reverse transcribed at the same time with random hexamers to allow quantitation and normalization across samples against 18S RNA. n = 6 for each group; data represent mean fold-change AE SEM against tissue from control unstressed animals. Asterisk, significantly different at p < 0.05. mPFC, medial prefrontal cortex; dBNST, dorsolateral BNST; vBNST, ventrolateral BNST; LS, lateral septum; DR, dorsal raphe nucleus; LC, locus coeruleus; BLA, basolateral amygdala; CEA, central amygdala; PVN, hypothalamic paraventricular nucleus; Hi, hippocampus; hb, habenula; SCG superior cervical ganglion. ND, not determined.
peripheral neurons (Lu and DiCicco-Bloom, 1997; Yaka et al., 2003; Braas et al., 2007) ; hence the changes in BNST neuronal cytoarchitecture (Vyas et al., 2003; Pego et al., 2008) and functional plasticity may be dependent on PACAP-stimulated BDNF and TrkB expression and neurotrophic signaling. Indeed, in addition to increasing PACAP transcript, chronic stress was associated with increased BDNF and TrKB expression in the BNST. Many studies have suggested that altered BDNF and TrkB expression may be related to behavioral disorders (Martinowich et al., 2007) ; hence, the integrated effects of PACAP, BDNF and TrkB expression and function, through coordinated or sequential gene regulatory events, or via G-protein receptor crosstalk with Trk signaling, may enhance BNST plasticity and function to affect behavior. Regardless of mechanism, these studies show that altered PACAP expression and signaling in the BNST may mediate anxiety-related disorders after chronic stress.
Hypothalamic and extrahypothalamic CRH have been shown to mediate the endocrine, sympathetic, and behavioral stress response. Importantly, chronic stress has been shown to increase BNST CRH, and this increase has been argued to mediate an increase in anxiety-like behavior (Stout et al., 2000) . PACAP-immunoreactive fibers have been suggested to heavily innervate hypothalamic CRH neurons in the PVN and extrahypothalamic CRH neurons in the BNST (Kozicz et al., 1997; Legradi et al., 1998) . PACAP expression in these two brain regions was elevated after chronic stress in the present study, and BNST PACAP injection enhanced baseline startle. CRH injection also has been shown to enhance baseline startle (Lee and Davis, 1997) ; hence, PACAP may mediate increased plasticity and function specifically within BNST CRH neurons. The endogenous sources of the PACAP-containing axons in the BNST appear to originate in part from PACAP neurons in the PVN (Kozicz et al., 1998) . As specific regions of the BNST also project to the PVN, these results also support the suggestion that the hypothalamus and BNST may have reciprocal regulatory functions (Herman et al., 2005) . The observation that both PACAP and PAC 1 receptor transcripts are increased in the same dBNST tissues suggests that local PACAP circuits within the BNST may be activated by chronic stressor exposure. However, as PVN PACAP mRNA was also increased by the same treatment, and the PVN projects to Figure 4 Experiment 3 BNST PACAP infusion sites. Cannulae placements for rats that received 0, 0.1, 0.5 or 1 mg PACAP38 (0.5 ml/side) infusions into the BNST. Each circle represents the center of one injection. Coordinates represent mm from Bregma. Figure 5 PACAP infusion into the BNST is anxiogenic. The BNST of adult male rats were cannulated bilaterally and the animals were tested for baseline startle for 2 days before PACAP38 injections (see Section 2). Twenty-four hours later, the animals were baseline tested again before intra-BNST peptide infusion (0, 0.1, 0.5, 1 mg in 0.5 ml saline vehicle/side) and retesting. BNST PACAP38 dose-dependently increased startle amplitude. Data represent the mean response AE SEM to the last 9 startle stimuli.
* Significantly different at p < 0.05.
the BNST, hypothalamic PACAP afferents may have also contributed to the stress-induced increase in the mRNA for these peptides.
Studies examining the role of PACAP mediating the effects of stress have been limited. Early studies showed that some stressors increased PACAP mRNA expression in the hypothalamus while other stressors did not (Hannibal et al., 1995) . Intraventricular or PVN infusion of PACAP increased plasma corticosterone levels, stimulated hypothalamic c-fos and phosphorylated CREB immunoreactivity, increased PVN CRH mRNA levels, and altered grooming behavior and motor activity (Agarwal et al., 2005; Norrholm et al., 2005) . Moreover, PAC 1 receptor knockout mice demonstrated abnormal social and sexual behavior associated with pheromone processing (Nicot et al., 2004) and impaired contextual fear conditioning (Sauvage et al., 2000; Otto et al., 2001a) . Consistent with an anxiogenic role, PACAP and PAC 1 receptor null mice demonstrate reduced anxiety-like behavior across several tests; null mice spent more time in the middle of an open field, more time in the open arms of the elevated-plus maze, showed a shorter latency to emerge from a covered cylinder, and increased exploration of novel objects (Hashimoto et al., 2001; Otto et al., 2001b; Girard et al., 2006) . Despite the anxiolytic effects observed in these knockout mice, the neuroanatomical mechanisms of PACAP action on anxietylike behavior have not been identified. The anxiogenic effect of BNST PACAP infusion persists for 7 days. The BNST of adult male rats were cannulated bilaterally and the animals were tested for baseline startle as described in Experiment 3. Rats were tested for baseline startle immediately after intra-BNST infusion with either 1 mg PACAP38 or vehicle (0.5 ml/side), and subsequently returned to their home cages. Seven days later, rats were returned to the startle chambers and tested again. Data represent startle amplitude after injections into the BNST, as a percent of pre-injection day 1 baseline. (A) BNST PACAP38 increased startle amplitude immediately after infusion. Blocks represent the mean response to the last 9 startle stimuli. (B) The increase in startle amplitude after a single PACAP38 injection was maintained 7 days later, suggesting plasticity changes within the BNST. Data represent mean AE SEM. * Significantly different at p < 0.05.
The data presented here suggest that a primary locus for PACAP signaling in anxiety-like behavioral responding to stressor exposure is the BNST. This complicated brain region has been divided into as many as 30 subdivisions based on cytoarchitecture, chemoarchitecture and connectivity (Dong et al., 2001) . Interestingly, PACAP fibers target the dorsal aspect of the anterolateral BNST (Kozicz et al., 1997) , and this subdivision has been associated with anxiety-like responding (Walker et al., 2003) . While PACAP infusion into the anterolateral BNST was anxiogenic, this effect may have been mediated by spread into surrounding areas; however, chronic stress selectively increased PACAP transcript in this BNST subregion, suggesting that the dorsal anterolateral BNST mediates the anxiogenic effects of PACAP. Interestingly, chronic stress did not increase PACAP transcript in the anatomically related central nucleus of the amygdala (CeA) or the basolateral amygdala (BLA). Connections between the BLA and CeA have been argued to mediate behavioral responding to threatening stimuli that are predictable and of short duration, whereas the BNST has been argued to mediate a more maladaptive response to unpredictable long-duration threat (Walker et al., 2003) . Hence, the prevention of chronic stress-induced increases in PACAP could selectively prevent the formation of pathological anxietylike state, while leaving adaptive fear-responding intact, unlike many present pharmaco-therapies that modulate activity in both pathways.
While intra-BNST PACAP injection increased baseline startle amplitude, an anxiogenic behavioral change after chronic stress was only observed using the light-enhanced startle paradigm. Importantly, in this paradigm, chronic stress exaggerated startle responding in response to both light exposure and the incidental handling that occurred between experimental phases. These observations may suggest some complementary but mechanistic differences between the acute and chronic anxiogenic effects of PACAP in the BNST. The anxiogenic effects of acute PACAP infusion at relatively high concentrations may be mediated by rapid PAC 1 receptordependent activation of BNST neurons. In contrast, the chronic effects of stress are likely associated with enhanced BNST neuroplasticity, which may be related to long-term induction of BNST PACAP expression and signaling. In fact, BNST neuroplasticity may be the mechanism underlying the persistent anxiety-like behavior 7 days after PACAP infusion. In these latter cases, evoked BNST stimulation, through incidental handling or light exposure, may be a necessary requisite to observe increases in anxiety-like behavior. In fact, animals were handled extensively prior to testing in both experiments, when PACAP was infused into the BNSTand also in the light-enhanced startle paradigm following chronic stress. Hence, the anxiogenic effects of handling-enhanced startle were potentiated by both treatments. As previously reported (Walker et al., 1997) , animal handling can enhance startle amplitude, and this anxiogenic effect is dependent on BNST activity. While it would be interesting to determine the effects of BNST PACAP injection in a light-enhanced startle paradigm, the large changes in baseline startle produced by BNST PACAP would make such an experiment difficult to interpret. Although other experiments may clarify these observations, the current studies nevertheless demonstrate that PACAP signaling and stress are behaviorally relevant and may share common pathways.
Interestingly, BDNF transcript was also reliably elevated in the dorsal raphe nucleus (DRN) following chronic stress. The activation of specific populations of DRN serotonergic neurons has also been argued to mediate anxiety-like responding (Lowry et al., 2005) , which may be mediated via projections from the DRN to the BNST (Phelix et al., 1992; Commons et al., 2003) . Indeed, the behavioral changes associated with learned helplessness, which has been argued to model human anxiety disorders such as post-traumatic stress disorder (PTSD), are blocked by the inactivation of either the DRN or BNST (Maier et al., 1993; Hammack et al., 2004) . Moreover, PACAP-containing neurons within the DRN target the dBNST, and represent an important source of PACAP input (Kozicz et al., 1998) . Hence, chronic stress-mediated changes in raphe BDNF expression may alter DRN morphology, function and synaptic connectivity within the DRN--dBNST pathway to mediate some anxiogenic effects of stressor exposure.
These data suggest that chronic stress dramatically increases BNST PACAP and is anxiogenic. Moreover, BNST PACAP produces a sustained increase in anxiety-like behavior. Hence, BNST PACAP may mediate the anxiogenic effects of chronic stress. We suggest that BNST PACAP may mediate stress-induced BNST neuroplasticity, and that this mechanism may underlie some human anxiety disorders. Because chronic stress seems to selectively increase PACAP within the BNST, BNST PACAP signaling may represent an important target for the treatment of anxiety disorders in humans.
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